Case report A four-yr-old 18 kg caucasian boy was scheduled for orthotopic liver and small bowel transplantation because of cirrhosis secondary to short bowel syndrome. No symptoms of central nervous system dysfunction were observed. Preoperative laboratory values included a serum potassium of 3.9 mFxl-L -l (3.5-4.7 normal) and magnesium of 2.3 rag. dl -I (1.7-3.0 normal). There was no history of arrhythmia or prolonged QT interval, or family history of sudden death. A corrected QT interval (QTc) of 370 msec was measured preoperatively ( Figure A) . After uneventful induction and maintenance of anaesthesia with isoflurane and muscle relaxation with pancuronium, the native fiver was excised and the donor liver placed. During the anhepatic phase, the urine output was noted to be minimal, so furosemide, 15 mg/v, was given. During donor graR placement, the aorta was crossclamped above the renal arteries for a total of 40 rain. Following unclamping, anuria was noted. Furosemide, 180 nag,/v in divided doses was given over three hours with no effect. At that point, the Foley catheter was found to be occluded. Upon recatheterization, 2.7 1 urine were measured over the ensuing 21A hr. Over the same time, serum potassium concentration decreased from 3.9 to 2.9 mEq. L -~, while serum magnesium concentration remained unchanged at 2.3 nag. dl -~. Serum ionized calcium concentrations during this time were 1.17 to 1.18 retool. L -~ (1.18 to 1.30, normal), and arterial blood pH CAN J ANAESTH 1995 / 42:12 / pp 1137-9
Case report A four-yr-old 18 kg caucasian boy was scheduled for orthotopic liver and small bowel transplantation because of cirrhosis secondary to short bowel syndrome. No symptoms of central nervous system dysfunction were observed. Preoperative laboratory values included a serum potassium of 3.9 mFxl-L -l (3.5-4.7 normal) and magnesium of 2.3 rag. dl -I (1.7-3.0 normal). There was no history of arrhythmia or prolonged QT interval, or family history of sudden death. A corrected QT interval (QTc) of 370 msec was measured preoperatively ( Figure A) . After uneventful induction and maintenance of anaesthesia with isoflurane and muscle relaxation with pancuronium, the native fiver was excised and the donor liver placed. During the anhepatic phase, the urine output was noted to be minimal, so furosemide, 15 mg/v, was given. During donor graR placement, the aorta was crossclamped above the renal arteries for a total of 40 rain. Following unclamping, anuria was noted. Furosemide, 180 nag,/v in divided doses was given over three hours with no effect. At that point, the Foley catheter was found to be occluded. Upon recatheterization, 2.7 1 urine were measured over the ensuing 21A hr. Over the same time, serum potassium concentration decreased from 3.9 to 2.9 mEq. L -~, while serum magnesium concentration remained unchanged at 2. was consistently between 7.38 to 7.45. The heart rate was never observed to be < 100 bpm. In spite of potassium replacement (40 mEq over five hours), 5 89 hr after revascularization of the liver and small bowel and during biliary reanastomosis, a prolonged corrected QT interval (QTc) of 600 msec was noted, followed rapidly by TP Oesophageal temperature measurement remained >350C throughout the TP and the entire surgical procedure. The remainder of the case was uneventful.
Discussion
Hypokalaemia predisposes to ventricular arrhythmias following myocardial infarction5 and during epinephrine infusion in dogs. 6 Electrophysiological studies characteristicaUy demonstrate a depolarization hump during phase 3 repolarization (early after depolarization, or EAD), as being the underlying electrical event responsible for TP. z Phase 3 repolarization corresponds to the T wave of the surface ECG; therefore, an EAD would correspond to the "R on T" phenomenon. 2,7 Since major surgical stress is known to be associated with elevated plasma epinephfine concentrations, s the pro-arrhythmic effects of diuretic-induced hypokalaemia was possibly potentiated by an epinephrine-induced hypokalaemia. 5,~ Kwon et al. 9 reported that an acutely hypokalaemic (induced by hyperventilation) rat model was surprisingly more resistant to the arrhythmogenic effect of an epinephrine infusion than was a normokalaemie control group.
Magnesium replaeement acts by shortening the QT in-CANADIAN JOURNAL OF ANAESTHESIA terval, l~ and suppressing EAD's. H In chronic hypokalaemia a 42% incidence of hypomagnesaemia has been reported. 12 Velltricular arrhythmias arc commonly associated with combined hypokalaemia and magnesaemia, t3 Under these conditions, magnesium and potassium replacement are required for venlyicular arrhythmia control. t l While TP has been commonly reported with norreal serum magnesium concentrations, t~ exogenous magnesium administration has been shown to be effective in terminating TP despite normal serum levels. ~4 Fiaccadori et al. found no correlation between muscle and serum magnesium concentrations in chronically ill patients, 15 thus a normal serum magnesium concentration may be found with total body hypomagnesaemia. The extracelhlar potassium concentration is the primary determinant of resting membrane potential in human cardiac muscle; decreased extracellular potassium will prolong action potential duration; i.e., prolonged QT interval, as well as increase the rate of spontaneous phase 4 depolarization (increase automaticity), and hyperpolarize the resting membrane potential. 16, 17 In the potassium deficient state, extraceUular potassium decreases more than intracellular 7 and, as described by the Nernst equation, IS results in membrane hyper-polarization. Isolated chronic hypokalaemia is known to induce Tp,2.1s but this is the first report demonstrating that a rapid onset extracellular hypokalaemia may also induce TP. Curry et al. 19 reported two eases of TP associated with isolated chronic hypokalaemia, one secondary to hyperaldosteronism, the other due to familial periodic paralysis. Tamura et al. 20 reported a single case of TP with isolated hypokalaemia. Soroker et al. 21 reported two cases of intraoperative TP associated with combined chronic hypoealeaemia and rapid onset hypokalaemia. The first two 19~~ of these case reports fail to report serum magnesium concentrations, while one 2~ report was complicated by simultaneous digitalization.
Complications described with furosemide have been generally related to its primary effect of sodium, potassium, magnesium, and water loss secondary to inhibition of active chloride transport in the loop of Henle. 22 Large dose (7 mg. kg -1) furosemide administration has little direct cardiovascular effect, 23 while 1.5 mg. kg -I has been demonstrated to be without cardiovascular effects while causing a rapid (15 min) reduction of plasma potassium concentration.23 While supraventricular tachycardia due to furosemide treatment per se (without secondary electrolyte alteration) 24 has been observed, no report has demonstrated that ventrieular arrhythmias have been induced by furosernide.
In summary, this is the fast description of a rapid onset, isolated, extraeellular hypokalaemia resulting in an acquired prolonged QTc followed rapidly by TP. Even-with a normal serum magnesium concentration, exogenous magnesium helped restore a normal QTc and terminate TE This report serves as a warning that a rapid decrease in extracellular potassium concentration with no other risk factors may precipitate TP.
